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1. A solid spherical conductor centered at the origin has radius r = 90 cm and carries at total positive
charge Q = 9 µC

r

(i) What is the magnitude of the electric field, |E|, at a radius of 1.7 m from the origin

a) |E| = 28000 N/C

b) |E| = 1.75× 105 N/C

c) |E| = 1× 105 N/C

(ii) If we define the electric potential to be zero at infinity, what is the potential V at a radius of 1.7
m from the origin? (Note: this is outside of the conducting sphere)

a) V = -47650 Volts

b) V = 90000 Volts

c) V = 47650 Volts

d) V = -90000 Volts

e) V = 0 Volts

(iii) If we define the electric potential V to be zero at infinity, what is the potential at a radius of 0.15
m from the origin? (Note: this is inside the conducting sphere)

a) -540000 Volts

b) 540000 Volts

c) -90000 Volts

d) 90000 Volts

e) 0 Volts

(iv) What would the answer to problem (iii) be if the sphere were an insulator instead of a conductor

a) 90000 Volts

b) -90000 Volts

c) 164000 Volts

d) -164000 Volts

e) 134000 Volts

f) -134000 Volts
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(i) Using Gauss’ Law ∮
E · dl = Qenc

ϵ0

E(4πr2) =
Q

ϵ0

E =
Q

4πϵ0r2

Plugging in all the values we get that |E| is around 28000 N/C . Note: don’t forget to convert

from centimeters to meters.

(ii)

∆V = −
∫

E · dl

V (1.7)− V (∞) = −
∫ 1.7

∞

Q

4πϵ0r2
dr

= − Q

4πϵ0

(
− 1

r

)1.7

∞

= +
Q

4πϵ0r

∣∣∣1.7
∞

=
Q

4πϵ0 ∗ 1.7

Plugging in the values we get that V is around 47650 Volts .

(iii) Since this is a conducting sphere, the electric field inside of it is zero. This means that the potential
inside of it is constant (∆V = 0 inside the sphere). Therefore, the potential at any point in the
sphere is equal to the potential at the surface of the sphere.

∆V = −
∫

E · dl

V (0.9)− v(∞) = −
∫ 0.9

∞
Eoutside · dl

= − Q

4πϵ0

(
− 1

r

)0.9

∞

= +
Q

4πϵ00.9

Plugging in the values we get that V is around 90000 Volts .

(iv) First we have to find the expression for the E-field inside the sphere:

ρ =
Q

4
3
π(0.93)

= 2.94× 10−6 C

m3∮
E · dA =

Qenc

ϵ0
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E(4πr2) =
ρ(4

3
πr3)

ϵ0

Einside =
ρr

3ϵ0
=

Qr

4ϵ0R3π

Where R is the radius of the sphere.

Now we can find the potential difference

∆V = −
∫

E · dl

V (0.15)− v(∞) = −
∫ 0.9

∞
Eoutside · dl −

∫ 0.15

0.9

Einside · dl

= − Q

4πϵ0

(
− 1

r

)0.9

∞
− ρ

6ϵ0

(
r2
)0.15

0.9

= +
Q

4πϵ0(0.9)
− ρ

6ϵ0

(
0.152 − 0.92)

Plugging in the values the expression yields 134000 Volts .

2. The figure shows three infinite planes. The right two planes are insulating with uniform charge
and density σ = 7 C/m2. The left plane is uncharged (σL + σR = 0) and conducting. Also shown
in the figure are three Gaussian surfaces labeled S1, S2 and S3. All three Gaussian surfaces have
identical dimensions in the yz plane, but surface S3 is 4 times as wide in the x-direction.

S1 S2 S3

σRσL σ σ

+x

+y

L 4L

(i) What is the induced charge on the right side of the conducting slab?

a) σR = -7 C/m2
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b) σR = -14 C/m2

c) σR = -3.5 C/m2

(ii) Compare the total flux through Gaussian surface S1 with the total flux through surface S3

a) Φ1 < Φ3

b) Φ1 = Φ3

c) Φ1 > Φ3

(iii) Compare the total flux through Gaussian surface S2 with the total flux through the surface S3

a) Φ2 = Φ3

b) Φ2 < Φ3

c) Φ2 > Φ3

(i) Treat σL and σR to be their own infinite planes

E =
σ

2ϵ0

Inside conductor E = 0

E = 0 =
1

2ϵ0
(−σL + σR + σ + σ)

Using σL = −σR

2σR = −2σ

σR = −σ = −7 C/m2

(ii) The flux through S1 is zero. This is because every field line that enters it, also exits it (and there
is no net charge within S1 for electric field lines to leave it). This is because |σL| = |σR|. Also all
the field lines from the other planes enter and exit the surface, netting zero flux.

S3 on the other hand has many field lines leave its right side, but zero flux out of its left side, there
the flux through S3 is greater than that of S1. The answer is therefore (a).

(iii) The flux through S2 and S3 is zero at the inner edges (right edge of S2 and left edge of S3

respectively). Therefore, it’s only the outer edges of those two surfaces that contribute to the total
flux, and those two contributions are equal since they have the same magnitude of electric fields
passing through them. The answer is (a).

3. A solid, infinite metal cylinder of radius a = 2 cm is centered on the origin, and has charge density
λinner = -10 nC/cm. Surrounding this cylinder is a cylindrical metal shell of inner radius b = 5 cm
and outer radius c = 7.5 cm. This shell is also centered on the origin, and has total charge density
λshell = +5 nC/cm.
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a

b
c

λinner

λouter

x

y

(i) Find the potential difference Va - Vc between the surface of metal cylinder (r = a) and the outer
surface of the metal shell (r = c).

a) -16.5 kV

b) -8.7 kV

c) 0 kV

d) 8.7 kV

e) 16.5 kV

(ii) What is the linear charge density, λshell−outer, on the outer surface of the cylinder shell?

a) 5 nC/cm

b) 3 nC/cm

c) -3 nC/cm

d) 0 nC/cm

e) -5 nC/cm

(iii) If the inner cylinder is connected to ground, the charge density on the inner surface of the outer
shell will

a) Remain unchanged

b) Decrease in magnitude

c) Increase in magnitude

d) Be zero

(iv) Assume that the metal cylinder in the center is now switched to an insulating cylinder with the
same charge density λ and radius a. What is its volume charge density, ρ?

a) 0

b) -.80 nC/cm3
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c) -4.44 nC/cm3

d) .80 nC/cm3

e) 4.44 nC/cm3

(i) The potential difference between a and c is the same as the potential difference between a and b
because the electric field inside the conductor is zero. Therefore, to solve the problem all we need
is

∆V = −
∫ b

a

E · dl

We know that ∮
E · dA =

qenc
ϵ0

qenc = λinner ∗ L

E(2πrL) =
λinnerL

ϵ0

E =
λinner

2πϵ0r

from the electric field equation outside of a cylinder. Putting all of the values into the integral
gives an answer of −16.5 kV (be careful with units, nC and cm).

(ii) Using Gauss’ Law we draw a Gaussian surface through the conductor. Since the E-field has to be
0 along the surface

0 = λinner + λshell−inner

This means that the inner shell has a charge density of 10 nC/cm. Now to get the outer charge
density we know that

5 nC/cm = λinner + λshell−inner

which gives us an answer of −5 nC/cm .

(iii) When the inner cylinder is connected to ground, it has a net charge of zero, so drawing a Gaussian
surface through the outer cylinder has to be 0 as well to get an E-field of 0 along the Gaussian
surface. Therefore, the charge density of the inner surface of the outer shell becomes 0. The answer
is (d).

(iv) Let’s focus on one section of the charged insulating cylinder with a length L.

Q = λinner ∗ L

ρ =
Q

V
=

λinner ∗ L
(πa2L)

=
λinner

(πa2)

This gives an answer of −0.8 nC/cm3
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4. The circuit below contains 3 capacitors, all of initial value C = 4 µF. The voltage source is 10 V .

V C1

C2

C3

(i) What is the charge on the capacitor C1?

a) 18.3 µC

b) 21.4 µC

c) 40.0 µC

d) 0 µC

e) 12.0 µC

(ii) What is the charge on the capacitor C2?

a) 20.0 µC

b) 19.3 µC

c) 7.9 µC

d) 25.6 µC

e) 25.0 µC

(iii) Now suppose C3 is removed and C2 is modified by filling it with a dielectric material with constant
κ = 5. How does the charge Q2 change?

a) Q2 decreases

b) Q2 stays the same

c) Q2 increases

(iv) Now add C3 back while the dielectric with constant κ = 5 is kept in C2. How does the charge Q3

change from when there was no dielectric?

a) Q3 decreases because the capacitance of C3 decreases relative to that of C2

b) Q3 stays the same because the charge of capacitors in series is the same

c) Q3 increases because the capacitance of C2 increases

(v) How does the charge on C1 change when C2 is modified by filling it with a dielectric with constant
κ = 5?

a) Q1 decreases because the capacitance of C1 decreases relative to that of C2

b) Q1 stays the same because the voltage across C1 is the same as it was originally

c) Q1 increases because the effective capacitance of C2 and C3 part of the circuit increases
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(i) Based on the circuit schematic, we can see that the battery and C1 are in parallel (since a loop
can be drawn only including those two elements). This means that the voltage across C1 must be
V using KVL (loop drawn below). We then use the capacitor equation, Q = CV .

V = 10 Volts

Q = CV = 4 ∗ 10 = 40 µC

V C1

C2

C3

(ii) Capacitor 2 and 3 are in series, so combine capacitors 2 and 3 in series using the equation

1

C2,3

=
1

C2

+
1

C3

This gives that C2,3 = 2 µF

V C1 C2,3

C2,3 is in parallel with the voltage source, thus the voltage across C2,3 is V using KVL (shown
above).

Q2,3 = C2,3V = 2 ∗ 10 = 20 µC

Q2 = Q3 = Q2,3

Therefore Q2 = 20 µC

(iii)

C =
κϵ0A

d
=

Q

V

From the equations above, we can see that adding a dielectric into the capacitor we increase the
capacitance. This means that either the charge on it must increase or the voltage must decrease
and since we have a constant voltage source in parallel with C2, we know that the charge must
increase. The answer is (c).

(iv) Recall that capacitors in series can be combined using either of the following equations:

1

C2,3

=
1

C2

+
1

C3
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C2,3 = (
1

C2

+
1

C3

)−1 =
C2 × C3

C2 + C3

Therefore, the new capacitance with the dielectric in capacitor 2 will be

C ′
2,3 =

20× 4

20 + 4
=

80

24
=

10

3

Since the voltage across the two capacitors is the same (the battery voltage), an increase in
capacitance must increase the charge on both the capacitors as they have the same charge.

The answer is (c).

(v) The charge C1 does not depend on any other capacitors not in series with it. The fact that it’s
connected to the battery forces its voltage (and therefore charge) to stay constant in this case.
The answer is (b).
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